ABSTRACT Intraepithelial nerves of human airway tract were studied by electron microscopy after conventional glutaraldehyde fixation. Specimens were obtained from five patients at three different airway levels-(1) the trachea, (2) the right upper lobe bronchus, and (3) segmental bronchus. Intraepithelial axon profiles were located either near the basement membrane or close to the lumen but were rare in the intermediate area of the epithelium. Axon profiles close to the lumen were seen only in the central airways (levels 1 and 2), while profiles close to the basement membrane were seen in all three levels.
such as methylene blue and silver methods.' -5 The presence of intraepithelial axons both in animals and in man has been confirmed at the ultrastructural level by the use of electron microscopy. 6 In man, however, only studies presenting illustrations of a single nerve fibre have been published.`-Systematic studies giving detailed information of the concentration of axons at different airway levels have been carried out in several animal species'0-12 but none report the findings in human airway epithelium.
Understanding of the functional significance of intraepithelial nerves may be aided by detailed study of their distribution, organisation, and frequency in the human airway. The present study reports the results obtained from a systematic examination of bronchial biopsy specimens from human patients.
Methods
The specimens were obtained from five patients who were admitted to hospital and subjected to direct bronchoscopy because of a pulmonary infiltrate evident on the chest radiograph. All patients (one woman aged 40 years and four men aged 44-77 years) were found to be otherwise healthy on routine clinical examination. Their blood gas tensions at rest were normal. All patients had smoked for more than 15 years.
The specimens for this study were additional to those required for diagnostic purposes and permission to take them was obtained from the patients before bronchoscopy. Specimens were taken from three standard airway levels: (1) the middle of the trachea, (2) inside the right upper lobe bronchus, and (3) the right lower lobe from a subsegmental carina of a first order segmental bronchus. The specimens were fixed in 3% glutaraldehyde in 0.1 mol/l phosphate buffer at pH 7.4 for four hours at 4°C. After being rinsed in phosphate buffer they were postfixed with 1 % OSO4 for one hour. The postfixed tissue pieces were dehydrated in a graded series of ethyl alcohol and embedded in Epon.
For light microscopy 1 Am sections were stained with toluidine blue. Light microscopy was used to find epithelium in the block. Ultrathin sections were cut with a LKB Ultrotome I ultramicrotome and stained with uranyl acetate and lead citrate.'3 Coated copper slot grids 2 x 1 mm were used for quantitation, because with ordinary 200-300 mesh grids the whole section cannot be viewed. The sections were studied with a Jeol JEM-100 CX Temscan electron microscope operated at 60 kV.
For measuring the length of the epithelium, one whole section was first photographed with the electron microscope at a low magnification (x680). To calculate the number of the nerves, the section was then scanned at a high magnification (x 5000). Later a photomontage was made from the neighbouring Ultrastructural organisation of intraepithelial nerves in the human airway tract 
Results

ORGANISATION OF INTRAEPITHELIAL NERVES
The photomontages gave a good general display of the epithelia. Neither light nor electron microscopic examination of the specimens showed pathological changes. The epithelia had a firm structure with ciliated, goblet, and basal cells. Cell junctions and intercellular spaces were normal, and all cellular organelles were well preserved. In the lamina propria axons formed nerve bundles surrounded by Schwann cells and some of these axons were myelinated. The myelinated axons did not come into close contact with the epithelium, the closest distance observed between myelinated axon and the epithelial basement membrane being 30 ,um. Axons penetrating the basement membrane ( fig 1) and running in the epithelium and axonal profiles in the epithelium were all devoid of Schwann cells. Only a few axons could be seen to penetrate the epithelial basement membrane.
In the epithelium the axons were seen to run parallel to the basement membrane (fig 2) or to have a course towards the lumen between the columnar epithelial cells. The axonal profiles, containing vesicles, neurotubuli, and mitochondria, were predominantly located either near the basement membrane (fig 3) or close to the airway lumen beneath the tight junctions (fig 4) . Axonal profiles close to the airway lumen were 0.4-3.5 ,um from the luminal border (the luminal zone). At The distribution and numbers of intraepithelial axon profiles are shown in the table. In the specimens from the trachea and right upper lobe bronchus (airway levels 1 and 2) the axon profiles were seen both near the lumen and near the basement membrane. In the specimens from the segmental bronchi (airway level 3) axon profiles were seen only close to the basement membrane and none were found near the lumen. In the basal zone the frequency of axon profiles was highest in the right upper lobe bronchus (one axon profile per 131 um), whereas in the middle of the trachea and in the segmental bronchus they were seen almost as often (one axon profile per 239 Am and 248 ,um respectively). In the luminal zone most axon profiles (83%) were found in the samples from the middle of the trachea, and the rest (17%) were located in the samples from the upper lobe bronchus. In the luminal zone of the trachea one axon profile was found per 215 ,um, while in the upper lobe bronchus the mean distance between axon profiles was 1118 ,um.
Discussion
The present study is the first to establish the concentration of intraepithelial nerves at various airway levels in man. In the epithelium axon profiles seemed to have two predominant locations: they were situated either close to the airway lumen 
